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Thi)s document is an instructional module' package * 
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laboratory procedures for determining the combined chlorine residual 
of a wastewater sample. Included are objectives, instructor. guides, 
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Module No: 


Module Title: : 

, ' ' s 
■ Chlorine in Wastewater ■ 

■ ' - • - »y ■ 
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Topics: • Introduction ^ 
Amperometric -Method \ 
DPD Method f v * 
, Electrode Method ' ■ ^ 

Comparator kit Methods^* 
. Summary 


0* 


•* 


Appjrox. Time: 

i /' ■ ■ 


* 

■ i ■ ; 


• - 



Objectives: * ' ~ t • * * 

Uppn completion this module the participant should be able to: 
Determine the residual chlorine level in wastewater- ' 



Instructional Aids: 
Handouts 



• t 



Instructional Approach: 

Lecture 
Lab 

Di-s cuss ion 



References: . 
Standard Methods 

EPA Effluent Monitoring Pi/ocedjyre 
AWWA - Water* Chi ori nation/Principles and Practices 
Manuals for Amperometric Titrators ■ • « ' 

! /> •• • 



'lot 
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Class Assignments: 




•5 



Instructional 'Aids 

Handouts . 

Handouts m^y be copie<J directly/ 

Lab supplies and .apparatus 

Supplies and apparatus' should be su 
may work in groups of 2 or 3: 



^ 
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Module No: 



J. ' 



Approx. Time: 



Objectives: * ^ 

When the participant completes this topic they^stiould be able to: 

1. Differentiate between free and <residua> chlorine. 

2. List four methods for total-residual chlorine analysis. , ^ 

3. Indicate apd demonstrate proper sampling procedures. s v 

4. Explain why- a sample cannot be preserved* 



Module Title: v ; . * 

Residual Chlorine in Wastewater 



Submodule Title: . 

f • > 



Topic: . 
Introduction 



Instructional Aids; 



None 



Instructional Approach: 



Lecture 



References: 



•Standard Methods ! ,X .• . 

AWWA - Water Chlorrination Principles -and Practices v 



Class -Assignnipnts: 



< ■ 



< 

•) 
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Module Ho: 



Instructor Notes: 



Topic: 

Introduction 



ERIC 



Instructor Outline: 
" ^ 



1. a! Differentiate between 'free ancj residual 

\ chlorine. c 

b. Indicate when each is tested, 

2. List and describe methods for chlorine analysts. 

^ 9 ft / » • 

a. Kits 

" b, Amperometric # 

c. m DPD Spectrophotometry • 

d. Orthotolidine r \ 

e. Titri metric 
-3. Discuss sampling for chlopine- A " I 
4. . Explain why a sample cannot be preserved. 




Module Uo: 



lApprox. Time: 



Module Title: 

C'hlorine in Wastewater 



Submodule Title: 



Topic: 

■Amperometric Method 



;'</ 



Objectives: . 
When the participant completes this topic they should be abTe to: 

1. • Identify the proper apparatus 'and reagents needed ftr the amperometri c 

•method for free aftd residual chlorine analysis. 
2r Conduct ^ free and a residual chlorine test using the amperometric method 

given proper test equipment .and reagents. . 
3. Translate the raw results of the tests into proper units "of expression. 



Instructional Aid*: 



Han (tout 

lab supplies per handout 

Tj . 



Instructional Approach: 

Lecture • 
Lab 



References: 



1. Manuals for Amperometric Titrators 

2. Standard Methods, *14th Ed. 

3. EPA effluent Monitoring_Procedur*es 
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Module Ho: 



Topic: /. 
Arfiperpmetric Method 



Instructor Notes; 



Handout 
Page 9-14 



V 



.1 




c 



.instructor Outline: 



1. List and identify apparatus arrd^eagents needed 
-for the method.' - 

2. Demonstrate the resfdual chlorine test. 
Have participant conduct test. 

3. Demonstrate calculation procedure. 

•Have participants do calculations. * 
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Eff/luent Mphi tori ng procedure: Amperometric Determination of Toial Residual 
/ '* Chlorine in" Wastewater 

Analysis Objectives • . . , 
2. Br/ef Description of Analysis* ' N ? " 

■i : - • ' ' ■ " ' • " - y 

I!. Jhe operator will be able to perform an amperpilietri c titration for' the* - 
/determination -of total residual chlorine in a -sample, of wastewater treat- 
ment plant effluent. . , 
Residual chlorine present in wastewater is in* the form of combined . ; 
chlorine. A "Back-Titration" procedure is used to determine the 
/ phenylarsene oxideexeess and a formula used to calculate the concentratic 

/ /. . \ • % 

of total residual chlorine in the sanrf$e. " . • 

■ ' ' t r • .! * 

*«° 'l ■ * 

Genera^ Description, of Equipment used in the Process * °" 

» •* 
A. Capital Equipment • ^ . . 

.. 

1. * Araperometric Titrator Assembly - Wallace % and*Tiftrnan* , ; 
Reusable . 

1. 1 pipette* (1 ml capacity) - : --, > . # 

2. 1 pipette .(5 ml capactiy) / 1 . C 0 



•i 



• 3. 1 sanple cup (to contain 200,ml) " * 
4. 1" plastic squeeze bottle ** 



I 

V. 5 



^*Mention of a specific brand -name *,does not constitute endorsement by/ the 
U. $.• Environmental Protection Agency; ' *"* • . , (- 

♦♦Consumable reagents listed are available «f row Wallace & Tiernah Industrial 
Products Division, 25 Main St.,,3eUevillei JB t)7109 

10 :.. . ; .> . • , ■ ' 



C. Consumable** * , 

. 1. 1 bottle ptoenylarsene oxide solution 0.00564N (K ounce) 
1 bottle pH 4 buffer solution (4 ounce) . * \ 

3. 1. bottle pH 7 buffer solution (4 ounce) ' 
4.. 1 bottle potass iwm iodide solution (4 ounce) ^ 
• 5. 1 bottle so df urn. chloride electrolyse tablets (8 ounce)- 

6. Standard iodine solution 0.1 N ^ I 

\ . 1 

7. Standard, Iodine titrant 0.0282 

,8. Potassium iodide crystals 
\ 9. .Iodine crystals, purified % v " 
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Reagents Standard iodinesolufrion. 1.0 N-Iodine standard solution (0.02B2N) 
1. /Dissolve 40.0* grams of potasTTunTtodi-de '(KI) in«50-ml 6f distilled' 
water. Add 12.7 g. of iodine crystals ?nd stir until solution & •■ 



■ complete. * . 

, - . ■ ^ ». > 

2. Dilute to one- liter with distilled waiter. 



3. 



4. 



a. ^t&e-'the sdlution in a dark bottle 

Transfer'25 grams of potassium -iodide 'into a one liter volumetric flask 

a. Use a trip balance' • .«"<•- 

■ . > v • ■- • 

Add. 200 ml of distilled water and swiri to dissolve. 

a. . Use. a graduate cylinder ■ - 



5. Add 285 ml of Oil N iodine solution 'anddUute to the mark with 



distilled water. 



Determination of total residual chlorine ; v 

1. ^Set up tltrator.and plug -into a source of 115 volt, single phase,. 



"50. cycle A.C; current. 




2. Add sample water to the cap. Adjust ±he leye-1 to the lit* 



a. The volume of sample . Is . '200. ml. 
,3. Place the cup on the titrator.' 



a. Jhe^top edge of tfi# cup should go,, behind the cup guid&post. 

b. The, bottom qf>the' cup should rest -oh the support post. 

r' J 



4. Turn the switch to start the agitator^ 

5. Add' 5 ml of phenyl arsene" oxide solution to 
a. Use a 5 ml pipette.' ' v ' 

_ _^ | _ v ^ ^ 

<- - . : v ; " , ~ J" • 

-6. Adfd 4.0 ml of pH AA) buffer solution'to the sample and mix. 
7. Add 1.0 ml. of- KI solution." - . , 
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8.. 
9. 



Rotate the adjusting knob so that A the micro ammeter pointer reads about 

/ * v 1 i 

20 on the s-cale. . • , *' " 

•Add 0.0282 N iodine solution in small increments. 

a. Use a 1 ml volumetric pipette graduated in 0.1 ml. 

b. The standard reagent bottle, pump, pipette, ahd applicator tubing 

cannot be used for this purpose since the!^ plastic components may 

* * 
react with the i9dine solution and change its strength. 

t * < 

c. As iodine is added to the^ sample, the pointer remains practically 

. stationary- until, the end-point each increment of iodine solution 

caases a temporary deflection of the microammeter to the; right, 
♦ % 

but the 'pointer drops back to about its original position. The 

tm&, end point is reached" with a* small addition of iodine solution 



gtves a definite and permanent pointer deflection to the right 




10. Note the volume of iodine solution usetfto reach the' end-point. 



a. Calculate the total residual chloride as follows: 



total 

mg/1 phlorine = phensyarseneT - 
oxjde used 
\. j (step 5) 



(5) ml of iodina.) 
used in" \i 
titration 



m 



b. Example of calculation: 

1. Total phenylarsenp oxide used /in step 5,* 5.0 jml. 

2. - jnl- of fodine required to re"ach the end-point 1n step 9 - 

0.6 ml * V . 



mg/1 chlorine ■ 5.0 * 5.0 - (5) (0.6) 
" * 5.0 - 3.0 
v = 2„0 
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c. The accuracy of the above procedure depends on the volume of the 
sample {step 2), the strength of the phenylarsene oxide solutions' 
(0.00564N) which is quite stable, and the strength of the iodine 
solution (0.0282 N) which is subject to deterioration with time. 
If the iodine is not 0.0282 N, it must be standardized by the 
following procedure. 
Standardization of iodine solution * - 

1. Add 5.0 ml of phenylarsene oxide solution to 195 ml of ^chlorinated 
water. - ^ . * 

a.'; Chlorine -demand- free water: Add sufficient chlorine to distilled 

i - ' * < > ' * * 

water to destroy the ammonia. The amount of chloritie required will 

be about ten times the amount of ammonia nitrogen present; in no 

case produce an initial residual of less thin O mg/1 free chlorine 

Allow the chlorinated water to stand overnight or longer; then 

expose^p direct sunlight until all Residual chlorine is discharged. 

Use distilled water free Yrom ammonia, and nitrite" to produce the^ . 

chlorine demand free water. 5 CHeck chlorine residua] by 

• amperometric4l/tration. * '- • * 

2. Tjtrlte with the iod>ne solution. ' 

* • 

• . a. The end point is reached^when a small >addition of iodine gives a 

• -f - • 
pointer deflection to the right (lip scale) which holds for 15 to , 

-20*seconds. If 1.0 'ml of iodine solution neutralizes the 5.0 ml 

,of .phenylarsene- oxide solution, the-^dine-sollitton is 0.0282 N. . 

If the iodine solution has deWi orated, the volume\of iodine •< 

solution to reach the end-point -(something greater than-i.O ml) • 



Is'equal to 5 m\ 6f phenylarsene oxide solution 



b. "Back titration" for residual chlorine may be made with weaker 
'than 0.0282 N iodine solutions. The attached chart can be' used * 
to determine the excess phenylarsene oxide by following step 12- _ 
and subsequent steps. 

Locate on line "A" the ml of iodine equal to 5.0 ml >of iodine equal 

to 5.0 nil of phenyl a^epe-^xide. 

Locate on line "C" the volume of iodine as determined in step 9. 

* \ * 

\ 

Determine where a line connecting these points crosses line "B". 

a. This is the excess phenyl arsenej oxide. 

b. As expressed in' the formula,- the mg/1 of chlorine residual is the 
% excess phenylarsene oxide subtracted from the total. 

Die of calculation: , . 



i:* total pBeny^rs^ne^xixjde- * 

2. ml 'iodide "equal to 5.0 ml ' phenyTaltene-^i de =.1,2 ml, 

3. ml iodine to reach end. point of "back titration" = 0.4 
4'. 'Excess phenylarsene oxide (frol chart) = 1.6" Capprox^j 
5. mg/1 chlorine residual ^ 10-1.6 = 8.4* V 



15, 

N 



ma 



EXAMPLE . 1 



V'J 



Toto[ pjbenylarsene oxide ^10 ml . ^_ 
™l» jpdinc equal to 5 ml . phanyidrsene oxide J^-try!.. **W 
rnj ^ iodine to reach end point of "Boer; Titration" -a). 4 ^ 
Excess plunylprsenc oxide (from chgrl) =4.5 (approximately), 

ppm chlorine residual 



= 10- 1.6=8.4 



r 
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-2.0 A-0.& o 



34 / : 

^1.5 ll 



US 
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•1.9 



CO. 

u 
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0, 5 * 
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Module Ho: 



Approx. Time: 



Module Title: 



\ ■ 



* Chlorine in Wastewater 



Submodule Title: 



\ 



Topic: 

DPD Spectrophotometry Method 



Objectives: •' * ' 

» * 

H^hgrLthe participant completes this to'pic they should be" able to: 



1. Toentlfy the proper apparatus* and reagents -needed for the DPD. 

2. Conduct a free and residual chlorine test u&ng'the DPD spectrophotometric 
. method-. - y 

3. Translate the raw results of the method into proper units o¥' expression. . 



Instructional Aids: 



r . 



Handout 
Labcsupplies ^per handout 



Instructional Approach: 

Lecture 
Lab 



References:-; « > % • 

1. Standard Methods, 14th Ed. 

2. "Manual for Sanitary Chemistry and Sanitary Microbiology , 

3. Linn-|enton Gommunity College, Albany, Oregon • 



Class Assignments: 
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Nodule lW" Jt 


^ Topic: ^ 




f ; '« >* 




1 

' 1 


DPD Spectrophotometry Method Q \- * • " /'/ 

i ' <i 




'Instructor Notes: 


instructor Outline: . ' 




i 

Handout 

_Page'17'- 22 


) 


1. \J\%t and identify apparatus and reagents needed 
. ' for the method. 




* 


*t - 


• \ ' 

2. Ttemoftstrate the residual chlorine test. 


* J 






•s Have participant conduct test. 

. * « 
3, Demonstrate calculation procedure. - ' * ~ 

% f 

'Have participants do calculations. 
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" total* Chlorine residual 
dpd/spectrophotometric method 



Equi pment ' . ' . • • ' \ 

* 

Bausch & Lomb Spectron'ic 20 or . % 

Bausch t& lomb Mini Spectronjc 20 * 
. Graduated I cylinder, '25 ml, 100 ml ' ~> 

l uppers, for opening powder pillows 
. Pipette, volumetric, 50 ml ' 
• '• Pipettes, i$Ho ml , ' - " 

One 1 i ter vol umetri c fj ask ' /U 

• . 

/ < 1 "s 

Reagents ...(.-.• . / 

' ». 

DPD total chlorine reagent powder pillows .or. 



Buffer 



Buffer and DPD. Solution 



_-*v 



Anhydrous potaksium dihydrogen phosphate - 
Anhydrous disodium hydrogen phosphate •. 
Distilled wate J - ' v. , ' 

Di sodi urn ethyUhedi amine tetraacetate di hydrate' also called 
(Ethyl enedinitnpo) .tetraacetic acid sodium salt mercuric chloHde 

DPD Solution (N, N-di ethyl -p-phenylenedi amine) DPD Oxalate or ' 

' 3 • . , ' - 

p-amino-N;Ji diethyl aniline sulfate . '** ■ 

Sulfuric acid * * 

Distilled water . ^ 

Potass i vim fodide - • * . : * * 



Reagent Preparation ' " -** ' ^ ' 

r 



1- PHOSPHATE BUFFER SOLUTION - . ' 



Dissolve ,24^ anhydrous disodium hydrogen phosphate, Na 2 NP0 4 ,- and 46 g 
^^ a nhy#qus pofassium dihydYogen phosphate, KH 2 P0 4 , in .distill ed^ater. 

tombffe this solution with 10Q mis distilled water irf which 0.8 g disodium 
; ethylenediatoine tetraacetate di hydrate, also called (ethyl.enedinitrilo) 
.tetraagetic acid sodium salt, have been dissolved. Dilute to- 1 11 ten'** t- 
with distilled water and add 0.02 g mercuric chloride to pre4|nt m6ia< ' ; 
growth and to prevent interference in the test by iodide ions in the 
reagents. ... *• 

2. N, N-DIETHYL-P-PHENYLENEDIAMINE ' (DPP) v . ' • 

Dissolve 1 g DPD oxplate*f 1.5 g p-amino-N:N diethylariiline sulfate ~Ax\ 
chlorine-free distiTTeti water containing 8 ml' of 1+3 (25%) sulfuric\'acid 
and 0.2 g disodium ethyl enedi amine tetraacetate d.ihydrate also called 
(ethylenedtmtrilo) tetraacetic acid sbdium salt. ' Make up to one liter, 

store in a brown glass-stoppered bottle. Discard when this solution, 

*•*.»•' 
• becomes discolored.. 0 x ' ' • 

,3. POTASSIUM' IODIDE 

Use as dry crystals. \" 

. V • " ; \ >v 

Sample Preparation ,■ - ? 1 



1. lake a water sample by filling a clean 100 ml graduated cylinder to the 
100 ml mark, with sample solution. *, \ 

i r' * 

v - , . \ t 

2. Add the contents of one DPD. Total Chlorine Reagent Powder Pillow (0#g 
DPD Powder) and mix. . A redtblor\will develop if chlorine is present. 
Wait at least 3 minutes but not oyer 6 minutes before taking reading. 



\ 



\ 



I 



F'age' '_19_ ■. . *»/ 



Or' 



* Place 5 mis each of buffer reagent and DPD indicator -solution #$thfef 4 
. .graduated cylinder and mix. Add 100, mjs sampV and mix. Ad&lV^f;^ 
potassium iodide' crystals andSirix to dissolve/ Allow io stand af^as't 
*' 3 "I^utes but not over .6 minutes fo^^for^evelOpmeA^ 

Procedure '.' .t.S-f.^J- ' **"*".' '.* * ~ *r V'* ' \ . 

1. . ; -Bausch,«omb Specironic 20 : ' >\ 



a. \AdjustVthe wavelength to 530 nm., '• • V 
p. Cover tj$j empty sample compartmerit and adjust th<? zero, control -for a 

reading of exactly Of t^Wittance. • ' 

• \ \-.$ > .;' - ' "• . ' 'y ' / ■ 

C ' Pl ?3$?& tesl^tti'be o^frring a portion of the untreated-sample into 
?•< • - v;- ■ '> -v f (■ *i • ' " 

•' the sample <£m)fcg*^;?tad adjust the^Full Scale Control for a reading, 

* of exactly jLjm ttfnsmittance. . - 

d. P.lace^'teitUtibe' "containing the treated' sample into the sample ' 

* compiVtment-and read transmittance. Refer to the 'table of available 
chlorine in mg/1 vs. Transmittance^shown und^r Free Chlorine, Analysis, 

Bausch & Lomb Mini Spectronjk 20 \ " „ - ' > r . . .J 

a. ' Adjust ther wave length to ^3Q nm/ / ' 

b. Using the one half -inch adapter and' insert, place the opaque rod in 
, the sample- compartment-and zero the instrument., . • *r : 

c. Place a 25-rim" cell containing a' portion of the untreated sample- into " 
the sample, conpar'tment and -adjust the Fult Scale Control for a reading 
of 100% transmittance. < \ ' ' • ' 

d. . Place^a_25-nni cell containing the treated sample ir^to ..the sample 

' Compartment a n d read Aransmfttance./ R^fer to We table of available. 



chlorine in mg/ljjs^tir?insm1 ttance -shown unlgr Fr.ee Qi'forine Analysis. 
NOTES : * 

■/ •. • * ■ " 
1. If the sample turns yellow when &d1rfc^e" Wr&^ni or measures less ' ■ 

1 i * " s-.- 

than 10% transmittance-, the chl'qrine^concentration Js too high and a ; V • 

sample dilution is necessary. ~A" slight loss of chlorine may occur due to 
dilution. ' - 

2/ If the sample 'contains mo re than 200^mg/l alkaftnfty^r acidity as CaG0 3 , N 
the sample may not develop the' full^amount, of col or, or* It may /ade instantly 

, -To overcome -this interference, pnetreat the^sampfe^o. about 2000 "mg/l • 
alkalinity or acidity, or establish, a pH range "between 5 and 8.'» Use an 

* 0 " 

. appropriate amount of acid or lyase that^does not contain ammonium or 
chloride ions. Teslj the treated sample immediately. 
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TENS 
#T 



%T UNITS " 



10 



4.00 ' 


,3.84 

■ 


3.68 

* , 


/ $3.54 


3.42 


C 

3.30 • 


' 3.18 


/ 3.08 . 

/ 

'A - 


0 

2.9*8 


9. 
2.88 


-2.8Q>" 

1 


?2.71 


2.63' / 


2155 ' 


2.48 


2.41 


2.34 / 


-2.28 

% 


2.21 • 


2.15 




2.04 


1.98-/ 


Lft3 


1.88 




1.78 / 

/ 


v 1.73 


1.68 

« 


1.64 


1.59 


1.55 


1,51' 

/ 


1.47.\ 

1 


1.43 


1.39 , 


1.35 




■ r^— 

1.28 


1.24 


1.20 


'l. 17 


l/l4 


L10 


J.07- 


' 1.04 3 




0.98 


<f.95 


" 0.92 


0.89 


0.86 


O.fc - 


0.801 


0.78 


. o.>r 




.6:70 


(T67 


0.74 * 


0.62 


o.'eo 


0.57 


0.56 


0.52 ' 






0.46 


0,43 • 


0.41 


D.39 , 


0.37X" 




0.32 




Q.28 




'0.24 


0.22 


6.20 

•J 


0.18 


0.16 


"'0:14 ! 




■ 


«£• "' ' 
u 0,09/ 

»« 


i 

0.07 


. O". 05 X 


0J)4 


0.02 , 



30 
40 
50 
60 
70 



90 



? Table taken from Page 2-^, Procures,' Chemical Lists and Glassware footer Wastewater Analyst 



2nd, Edition .^ajck^'ekcal Co . 
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Module No: 



Approx. ^Time: 



Module Title:. 



orine in Wastewater 



Submodule Title: 



Topic: 

. Chlorine Electrode~Method 



Objectives: 1 ' ,<~\ , ~ • , ^ / . 

When the participant completes this topic they should be able to: 

1. Identify 1 the proper^apparatus and reagents needed -for the' residual chlorine 

electrode met Kod. 1 *~ ^y^ , + - 

2 Conduct at chlorine residual tes€ using the residual chlorine electrode-- 
3. Translate) the raw^results of the method into proper units of expression. % 



I ns t ruct i bnal^Mdsi 



Handout 



u. < 



f „ 



Instructional Approach: 



ecture 



References: 



Methbds Manual for Chlorine Electrode 



• \ 



Class Assignments: 



* \ 



■ j 
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Module Ho: 



Topic: 

, Chlorinp Electrode Method 



Instructor Notes: 



Handout 
Page 24 - 25 
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\ 



J 



Instructor Outii/ie: 



1. List "and identify apparatus and reagents needed' 
•for thefmethod. >/ / > ■ 

-2'. Demonstrate 1 the residual chlorine *te$t. 

Have participant conduqt test. 

3. Demonstrate calculation procedure. 

Helve Rarfcfci pants do calculations. 
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• > • • ; Residual chlorine electrode • ./ 

' 1 « . .. 

♦ Procedure for Samples Between 0,2 and 20 ppm \ ^ t 

PrepkrVl ppm standardizing solution: , ' .\ • • 1- 

Note: Always .mix the three reagents and allow two minutes for^reaction 
b&HSre diluting to fOO ml with ^fisti lied water. The reaction 'between iodate 

jarid iodide ih^ acid solution is extremely slow after" dilution. ' c 
1. .Pipet 1 ml residual chlorine standard (lOO ppm as CI 2 ) » „ I mT^ "iodide 



'reagent! and rml acid» reagent into a 15oil beaker./ 'Use \mly \fm\ 

'• • — <f i 

of eaeh solution, andltfo not add water.- Swirl for twqpi^nutes to allow *• 
complete reaction. > ,• -i -/ - : 



2. Add 99 ml* distilled water and mi/ thoroughly/. 

3. Store this 1 ppm standardizing solution in' a 4-ozI, alter glass, wide' 
mouth packer bottle^J^or" calibration^ Prepare a fresMo)*tion every 



day. 



> 



Measurement Using 701 or\801 A digit*! pH/mv meter ' , . 

[I. ^Scjle 4-cyc,le semi logarithmic grapti. papet^with 000.0 mv at the center/- -* 
of the linear fes and 1, ppm at the center .of* the logarithmic' axis. ' 

The. linear scale should covej? a range from -60 mv to 60 mv. " 

' * J *- * * 

2. Plot one point at OOO.fo mv and 1 ppm. Plot a second point at 29 my and 

10 ppm. , Draw- a straight line^corinecting^the twdN?oints.and extrapolate 

'..-'.;.)'. * - ^v * • . • 'i 

it to o.oi ppm. 7 ' ' A' . . . ' . 

. Thls--calibration-«urve can be used foe all measurements^between 

•' ' ' • - *" >y- - - 

• .0.05 and 10 ppm CI2. There no need, to prepare a new- curve each time 
• the electrode is .calibrated. .The porfrton of, the curve below 0'.2 ppm * ' 



^ . ■ - - -•- v 



'is used for lowrlevel measurements* . 



*• 3 ' 




'" • - " ' ;• r . 


4 * » ^ 

* 


i 


r* . • 
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3. 


Pla.ce the" electrode •fn the 1 £pm standardizing solution so thaV.the 
reference element is submerged. / 




4. 


Turn the function switch 4 of the meter to ablative millivolt mode. 


*- 




Set the meter reading to 000.6 by turning the calibration control knob 






on the 701 or by pressing the^restandardizati on button on the 801A. 


' ft 


5. 

/ 


Remove the electrode from the solution. Blot dry. Replace the cap 




/ 

/ 

A*" 


on the storage bottle. X> * . . V, 




;/ 6. 


Pipet 1 ml iodide reagent into a 150 ml beaker and add 1 ml (20 drops). 


/ 

/ 




acid reagent. Add 100 ml sample. 


/ 

' ( 

\ 


7. 


Mix thoroughly and let stand for about two minutes to allow complete 

- * I • 

reaction. ( . 


« * 

i 


/ 


i • • " '' . •-' 
'Place the electrode in the sample so that the reference element is 

submerged. Record the potential reading! Determine the total residual 


* • 




»• • 

chlorine" level in the sample from the calibration curve. 
Recalibrate every two hours by repeating -steps 3 through 5' above. " 

' • A < V - 


i 

J 
< 

* i 


•9. 

t 


' 1 

1 ' 
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Nodule No: 



Approx^ Time: 



.Module Title: ; * 
Chlorine in Wastewater 



Submodule Title: 



Topic: • 

Use of Comparator or Kit Methods 



Objectives: i ■ " ' 0 — 

When -the participant completes this topic they should be able to: ^ ^ 

1. Indicate why the kit mettitids are less accurate than standard methods, < 

2. Condlict a residual chl0Tine and free chlorine tesr using kit methods * 
and compare the results to a standard methpdr . 



\ 



Instructional Aids:^-^ 
Handout ' 

Lab supplies per handout 



Instructional Approach: 
lecture 

Lab 4 \ 



References r 

1. \ Standard'Methods 

2. Kit Instructions 



Class Assignments: 
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Nodule Mo: 



Topic: 

Use of Comparator or Kit Methods , 



Instructor Notes: 



Handout 
Page 28-30 



Instructor Outline: 



1. List and identify apparatus and reagents needed 
for the method. 



2. Demonstrate the residual chlorine test. 
Have participant conduct test:. 

3. Demonstrate calculation procedure - 
Have participants do calculations. 
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CHLORINE RESIDUAL • 
(Comparator) * - * 

Introduction ^ - ' 

Tne amount of chlorine remaining- in wastewater samples/ foil owing 
chlbrination varies rapidly with time since chlorine is Unstable in water. 
"Therefore, samples to.be analyzed for chlorine residual values cannot be 
stored and tests must be/started immediately after grab. 'sampling. Avoid 
exposing the samples, to excessive light and agitation. 
Equipment , ' 

Color comparators 

a. La Motte Model #P-38^W & R\ #66*51-007 '. . 

b. ' Wallace-Ti'ernan Model #U-2374 ' * < '« 

c. Hach.DP-D Free & Total Chlorine festJCitsModel #CN-66 
Reagents ; 

1- ORTHOTOLIDINE - \ 

No longer available from chemical ^upply houses. ' . 

2 l DPP FREE CHLORINE REAGENT POWDER PILLOWS HACH #14070-99 J '-s 

3 - DPP TOTAL CHL ORINE REAGENT POWDER PILLOWS /HACH #14064-99 
Procedure N 4 , . ' , < - ' . ^ 

(For Wall ace-Tiernan Model) ^ . 

1. CLEAN. COMPARATOR "GLAS S EFLI S ^ . • •* 

■Use lurt soapy water and a soft test tube brush. / Rinse thoroughly 
with final distilled water rinse. Let cells drain dry. 
2- PLACE UNTREATED SAMPLE IN- GLASS. CELL " 

• ^Designated as th<r "blank" cell and$lace' in right hand slot of 
comparator. • ' . ^ ^ 
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— — — — 

3 - . PLACE ORTHOTO LIDINE REAGENT IN GLASS CELL DESIGNATED "QT" ^ 

- ^ Use 0.5 ml reagent for eerch 10 mis of sampl^. . * 

4. ADD MEASURED VOLUME OF SAMPi f . * * ' 

The volume is usually 10 or 15 mis; 

5. MIX REAGENT - AND SAMP1 F , 

Careful use of clean stirring rod is reconmended. ' 

6. WAIT FIVE MINU TES : . ; 

'— • " 

7 - PLACE GLASS C ELL IN' LEFT HAND SLOT OF THE COMPA RATOR " - 

Rotate the standard color disc until the color. of the standard, as 
seen through the untreated sample, most closely matches the color 



of the. treated sample. ^ , 

MF 



8 r ftEAD THE CHLOR INE VALUE FROM THE STANDARD COLOR U HFFt r 
9- EXPRESS THE RESIDUAL VALUE AS; 

.Total residual chlorine (mg/1) 

Procedure 0 t x 

(Fof La' Motte Model) 
1. CLEAN, COMPARATOR 'GLASS CELL, AS ABOVE 

2- ADD SAMPLE TO MARK ON GLAS°S CFI.I 

3 - ADD 8 DROPS O RTHOTOLIDINE REAGENT TO GLAS S CELL 

. . ? ~ 7 : ' '• • • : 

MIX REAGENT AND SAMPLE. AS A BOVE t 

5. -WAIT FIVE MINUTES y. c • 

• \ ' .-' 

6. ' PLACE GLASS CELL IN COMPARATOR 

• Put; in the slot closest to the comparator window whose color most 

nearly matches that of the sample; • , . ' ^ •• 

DETERMINE WHICH WINDOW- MA TCHES THE COLOR OF* THE SAMPLE 



7. 



8. READ THE CHLORINE RESIDUAL VALUeIoT TO.THE WINOW 



31 



Page* 30 



9- EXPRESS, THE CHLORINE RESIDUAL - VALUE AS: * 

Total residual chlorine (mg/1) 
NOTE - :, Theseyprocedures measure total residual chloririe. If free residual 
chlorine is desired, read immediately after,the addition of orthotolidine 
without the five mintft'e wait. * 

; 

If combined residual chlorine is desired subtract the free value from the 

»• * 

total value! 

(Hach Test Kit). Total Chlorine Residual 
1, COLLECT SAMPLE 



t. CLEAN GLASS CELL AS ABOVE' . 

'3. ' PLACE UNCHLORINATED SAMPLE IN 'BOTH, CE LLS ' ' J 

• '. f ' — ; ' 

4. ADD REAGENTS ' ■ * 

I / v . > ' • 

* Use nail clippers to open powder' pillows ^ 

5- ip positive test dpp cannot be used on this water sample '' 

6. if- results of this reagent addition are negative^ rinse both cells 

* and add chlorinated sample »t 0 roth cells . 
* ■ ; 1 : — t — * ■ - ' ( ' , 

7. add dpp total residual chlorine reagent powder pillow - s 

8. . stir. rea6ents and sample 

9. WAIT UNTIL FULL COLOR DEVELOPS, >IVE MINUT ES 

1 ■ , 4» ^ 

10 - ROTATE COLOR WHEEL -UNTIL THE COLOR OF THE STANDARD, Ajj§§N THROUGH THE "' 
— UNTREATED SAMPLE., -MOST CLOSELY MATCHES T HE TREATED SAMPLE * ■ ' ' * 
•1.1. READ AND RECORD IN mq/1 TOTAL RESIDUAL CHLORINE ' <•*',' 
NOTE: If free* residual chlorine is desired, carry out the'steps described 
above using»free residual.' chlorine powder pillows in place' of total chlorine' 
.residual powder pillows. Record as free residual .chlorine in mq/1 
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Mule Title: . 

Chlorine in Wastewater 



/3 



Submodule Title: 



Topic: 

SUMMARY 



Objectives: * , \ 

When the participant completes this topic they should be able to: 

.. 1. Compare and^contrast methods for residual chlorine and sele.ct a method 
best suited for an individual plant. 



Instructional Aids: 



All handouts 



Instructional Approach; 
Discussion. ^ 



References: 



Standard Metffods 



Class Assignments: 
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Nodule Ho: 


•Topic: 
SUMMARY 




■-jw 0 p- ^ 

t 


Instructor Notes: 


■- — ,. ■ 1 1 — 

Instructor Ou$V ine: 










s 




Compare and contrast the methods for chlorine. 
Discuss: ^ 






Spged 


• * 






Cost 

Accuracy 
PrScTsion 


4 * 
4 * 

: £ 
0 < 


• > 

t t < 
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V 
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Module No; 




x. Jime: 



Module Title: 



Chlorine in Wastewater 



Submodule Title: 



EVALUATION 



Ob jecti ves-: 
Practical 



Determining the amount of residual chlorine in a given sample using .one of 
the methods from this module.* Reagent apparatus and procQ^ure'sheets will be 
provided. * 



- > 
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